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Bay area concentrated by marine resources serves as a base for seawater 
aquiculture, ocean resources exploitation and ocean industrial development. Its 
existence is the key of development of coastal cities with a strong leading role. Great 
changes have taken place in bay’s production function and service function with the 
rapid urbanization of the bay regions in recent years.  
More comprehensive understanding of the state of bay ecosystem could be obtained 
and the bay ecosystem health can be preliminarily evaluated by analyzing the 
community structure and energy flow characteristics of the bay. In this study, 
biological community structure and energy flow characteristics of Tieshan Harbor and 
its adjacent waters ecosystem were quantitative analyzed by using the ecological 
model established based on database report of biological and ecological survey and 
historical investigation data of Tieshan Harbor ecosystem in 2010. The model 
consisting of 15 functional groups which almost covered the main trophic flow of 
Tieshan Harbor and its adjacent waters, including seabirds, benthos, jellyfish, 
phytoplankton, zooplankton, detritus and so on.  
The Ecopath model integrated 15 functional groups of Tieshan Harbor into 5 
important trophic levels. Level I, phytoplankton as primary producer and organic 
detritus were included. Level II, zooplankton, tunicates, benthos and omnivorous fish 
were included. Level III including jellyfish, cephalopods, Alepes djedaba, 
Parargyrops edita, Leiognathidae, planktivorous fish, benthic–feeding fish. 
Piscivorous fish was included in trophic level IV. Trophic level V included seabirds. 
Transfer efficiency was 11.2% from trophic level I to level II that was the highest in 
energy transfer process of Tieshan Harbor and its adjacent waters ecosystem. Transfer 
efficiency was only 3.3% from trophic level II to level III, which was the lowest. The 
total energy transfer efficiency was 8.0%, which was lower than Lindeman’s 
efficiency 10%.  
The energy flow, biomass and production of Tieshan Harbor and its adjacent waters 
ecosystem as were pyramid distribution through the network analysis of the Ecopath 
model. The calculated effective trophic levels of the functional groups ranged from 
1.0 to 3.9, seabirds and piscivorous fish were positioned at highest trophic level. The 
mixed trophic effects analysis of Tieshan Harbor and its adjacent waters ecosystem 















93% of other functional groups, and seabirds, as top predator, had negative effect on 
their prey less significantly than expected. According to biomass and relative effects 
of each functional group of Tieshan Harbor and its adjacent waters ecosystem through 
comprehensive investigation of the Ecopath model, zooplankton was the most 
important critical functional group that was followed by omnivorous fish, 
phytoplankton, benthos and jellyfish. 
The value of TB/TT was very small (0.0084), which showed Tieshan Harbor and its 
adjacent waters ecosystem was not mature. The ecosystem was in the stage of reverse 
development. The functional groups had complex interconnections with each other in 
Tieshan Harbor and its adjacent waters ecosystem because of the values of 
connectance index and system omnivory index were both higher. The cycled 
throughput of Tieshan Harbor and its adjacent waters ecosystem was 165.83 t·km2·y-1. 
The Finn's cycling index was 4.62% and the Finn's mean path length was 2.537 in 
Tieshan Harbor and its adjacent waters ecosystem. 
 
Keywords: Tieshan Harbor and its adjacent waters; Marine ecosystem; The Ecopath 
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面有着广泛应用的变性梯度凝胶电泳技术(denaturing gradient gel electrophoresis, 
DGGE) [29,30]、种类鉴定结合数理统计方法（包括：双向指示种分析、多维定标
序列分析、判别分析和多元回归分析等）[31-36]、获取浮游植物群落结构信息的方


































源调查的结果，运用Ecopath with Ecosim 6.1软件构建了淀山湖生态系统的营养通
道模型，初步分析了淀山湖水域生态系统的结构和能量流动特征[41]。 
1.2.2 Ecopath 模型在国内外水生生态系统中的发展 
伴随着海洋开发力度的逐渐加大，海洋生态系统承受着与日俱增的压力，为
了协调经济发展与生态环境的关系，研究者开发了多种研究种群结构和动态的模
型，包括单种群模型，多物种虚拟种群分析模型和以 EwE（Ecopath with Ecosim）
为代表的基于食物网与营养关系的生态系统模型等[42,43]，但每一种方法都有其优
缺点，研究者需要依据研究材料和研究目的选择合理的方法（表 1-1）。 
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表 1-1 研究种群结构和动态的模型方法的优缺点比较 
Table 1-1 Comparison of advantages and disadvantages of model methods on population 
structure and dynamics 


















   
1984 年，美国夏威夷海洋研究所的 Polovina 模拟线性生物收支方程，建立
了生物量生产和损耗的平衡系统，用以评估稳定状态下水生生态系统各生物种群
间生物量和食物关系，他所采用的方法即生态通道模型（Ecopath 模型）[47,48]。
1986 年，结合 Polovina 的方法与 Ulanowicz 的能量分析生态学理论，生态通道
模型这一方法发展成为一种生态系统营养成分分析方法[49]。此后，Christensen& 
Pauly 将该分析方法研制成为便于使用的计算机软件—Ecopath with Ecosim，从而
将其发展成为一种定量分析生态系统能量流动过程的收支平衡模式 [50--52]。




至 2008 年 10 月，已有 164 个不同国家的 5649 个注册用户，利用 EwE 研究
海洋科学生态相关问题并在各种刊物发表了 300 多篇文章[54]。作为新一代水域生
态系统研究的核心工具，Ecopath 模型已在全球 100 多个水生生态系统中得到应
用[55-63]。我国较早应用 EwE 软件的有台湾[64,65]、香港[66,67]等地，近几年，大陆
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